OPTICALLY ACTIVE AC-TETRAHY DRO-6-NAPHTHY LAMINES. 7 5 study of Bamberger and Muller's ac-tetrahydro-/3-naphthylnmine (Ber., 1888, 21, 847 ) was undertaken; this substance, according to the constitution assigned to it by these authors, contains an asymmetric carbon atom.
Reso Zution of Externally Compensated ac-Tetrahydyo-
CH.CH:Q*CH;~H, CH~CH: C*CH,~CH~NH,' p-naph t h y Zamin e, I I
Crude racemic ac-tetrahydro-/3-naphthylamine hydrochloride is purified by precipitating the carbonate of the base from ether as described by Bamberger and Muller and subsequently evaporating to dryness with hydrochloric acid, or by the simpler but equally efficient method of crystallising it several times from moist boiling acetone ; it melts at 242-243' (Noyes and Ballard, Ber., 1894, 27, 1450). I n accordance with the method devised by Pope and Rich (Zoc. cit.) , hot concentrated aqueous solutions of one molecular proportion of ammonium d-bromocamphorsulphonate and of two molecular proportions of racemic tetrahydro-P-naphthylamine hydrochloriae are mixed. An immediate separation of the least soluble salt possible in the system takes place in accordance with the equation and, by the time that the solution has cooled to the ordinary temperature, a practically quantitative separation of the d-tetrahydro$-naphthylamine d-bromocamphorsulphonate as a mass of colourless needles has been effected. After filtering and washing with cold water, the salt is crystallised from boiling spirit and then from hot absolute alcohol, ethyl acetate being added to the latter solution before cooling.
It may be remarked that this resolution partakes more of the nature of a separation by precipitation than of a separation by fractional crystallisation. Ammonium l-BromocamphorszcZ~honat~ .-The Z-camphor required for the preparation of the hitherto unknown I-bromocamphorsulphonic acid is conveniently obtained by treating Schimmel and Co.'s Z-borneol with successive quantities of nitric acid of sp. gr. 1-42 until no further evolution of red fumes takes place; the product is then poured into water and the precipitated camphor collected, well mashed with cold water, and dried. The Lcamphor thus obtained is brominated by Armstrong and Matthews' method (Chem. News, 1878, 37, 4), and after crystallisation from boiling spirit, Z-a-bromocamphor is abtained in long, colourless needles melting at 76 ' (compare The description of derivatives of laevo-and of externally compensated bromocamphorsulphonic acids will form the subject of a future paper.
I-ac-Tetrahydro-/3-naphthylavnime 1-Brornocamphoraulphonate, CloH11*NH2,Cl,Hl,BrO*S0,H.
The mother liquors remaining after separation of the d-bromocamphorsnlphonate of the d-base are treated with a trifle more than the requisi$e amount of soda to liberate the base, which is then exhaus- View Article Online OPTICALLY ACTIVE AC-TETRAHYDRO-P-NAPHTHYLAMJNE 77 tively extracted with ether ; after washing the ethereal solution with water, the base is precipitated as carbonate, and the latter, dissolved in just the requisite amount of hydrochloric acid, is then treated with a hot aqueous solution of one equivalent of ammonium I-bromocamphorsulphonate. A crystalline precipitate of I-tetrahydro-/3-naphthylamine I-bromocamphorsulphonate at once falls, and is purified in the same way as its enantiomorphously related isomeride.
The salt crystallises in colourless needles melting at 185-188' with decomposition, and, after drying at loo', was analysed with the following results : 0.1527 gave 0.2922 CO, and 0.0891 H,O. 
In moist acetone solution, the salt has about twice as high a rotatory power as in water; since, however, the values vary with the amount of moisture present in the acetone, they need not be quoted.
Lac-Tet rcchy dro -P-naphtA y lamim B y drochloride, C,,Hll*NH,,HCI.
I n just the same way, it was found that optical inversion takes place during the preparation of Ltetrahydro-P-naphthylamine hydrochloride from its I-bromocamphorsulphonate ; the racemic hydrochloride is first isolated as the least soluble constituent, whilst the mother liquors contain the hydrochloride of the Ebase which is ultimately purified by repeated crystallisation from moist acetone. The salt melts a t 243-245', and was analysed with the following result : The preceding results indicate that both d-and Z-tetrshydro-b-naphthylamine undergo a partial racemisation during the conversion of their bromocamphorsulphonates into the corresponding hydrochlorides ; it is, in consequence, very difficult to isolate the optically active hydrochlorides in a state of sufficient purity to allow of their proper OPTICALLY ACTIVE AC-TETRAHYDRO-6-NAPHTHYLAM 79 characterisation. It seemed probable that the active bases would be most conveniently characterised by means of their more soluble salts with optically active acids, and to this end the salts with Reychler's d-camphorsulphonic acid were prepared.
The base was separated from the d-bromocamphorsulphonate of
[ U ] + 86.5" as described above, and the ethereal solution evaporated to dryness with the corresponding weight of pure d-camphorsulphonic acid, the solid residue being subsequently crystallised from hot water. The greater part of the product consists of d-tetrahydro-P-naphthylamine d-camphorsulphonate, which was easily obtained in a state of purity. It crystallises in long, colourless needles from hot water, and in stout prisms several centimetres in length by spontaneous evaporation of its cold aqueous solution ; the crystals contain &H,O and melt at 210-211O. After the major portion of this salt has separated, the solution begins to deposit I-tetrahydro-P-naphthylamine d-camphorsulphonate in the characteristic form of colourless scales; this salt owes its formation to the partial optical inversion of the d-tetrahydro-Pnaph thy lamine.
The following analytical results were obtained :
1-ac-Tetrahydro-PJnuphth ylanzim d-Camphoraui'phonate, C10HIl*NH2, C,,H,,0*S0,H,H20.
This salt cannot be conveniently isolated from the mother liquors containing the inversion product of the d-base, but was prepared by extracting the base from I-tetrahydro-P-naphthylamine Ebromocamphorsulphonate with soda and ether, and subsequently evaporating the ethereal solution with the requisite quantity of d-cnmphorsulphonic acid. It crystallises from water in small, colourless scales containing 1H,O, and on heating melts first in its water of crystallisation a t This salt crystallises from water in long, transparent prisms containing #H20, which is lost at 100'; it melts at 210-211') and was analysed with the following results : On adding the requisite amount of platinic chloride to an aqueous solution of d-tetrshydro-/3-naphthylamine d-carnphorsulphonate acidified with hydrochloric acid, a crystalline precipitate of the platinichloride is obtained ; it crystallises from hot, di1ute:hydrochloric acid in goldenyellow scales which blacken at 235' and melt, with decomposition, at 240'. The salt is practically insoluble in water, and its rotatory power could not be determined. It follows that, in general, the optically active tetrahydro-P-naphthylamines undergo partial racemieation when liberated from their salts by soda and converted into other salts, During which of these two distinct operations the racemisation takes place is not decided ; but i t is at least probable that it is connected with the liberation of the base, rather than with its recombination, because on preparing a solution of the hydrochloride of known rotatory power, evaporating it to dryness with somewhat less than an equivalent of sulphuric acid, dissolving in water and making up to the original volume, the rotatory power is found to be unchanged. Some kind of momentary tautomerism seems to exist during the liberation of the base from its salts; this tautomerism, however, does not persist after the new salt is formed because no alteration in rotatory power attends the heatbg of the optically active salts in solution. I n the hope that the facility with which racemisation occurs might be applied to the conversion of the externally compensated base into one enantiomorphous component as was done with the compounds containing an asymmetric tin atom (Pope and Peachey, Proc., 1900, 16, 42, 116), the following experiment was performed. The base was liberated from 20 grams of pure racemic tetrahydro-/3-naphthylamine hydrochloride by soda and extracted with ether ; the ethereal solution was then treated with sufficient d-bromocamphorsulphonic acid solution to combine with all the base, and the solution slowly evaporated to dryness. The base was then liberated from the whole by addition of soda and extracted with ether, the ethereal solution being then evaporated and the residual base distilled under about 15 mm. pressure. The pure product thus obtained had the rotatory power uD +0-05' in a 100 mm. tube. It was once more treated with d-bromocamphorsulphonic acid in a sealed tube and the whole heated a t 100' for three days, after which the base was liberated, extracted with ether, and distilled under reduced pressure as before. The distillate now had the rotatory power uD +0.18* in a 100 mm. tube. These results indicated that the externally compensated base was slowly becoming optically active under this treatment, but this might well be because the I-base, which remained always dissolved, was more liable to undergo slight oxidation than its d-isomeride which was mainly present as solid salt.
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d-Tetrahydro-P-naphthylamine was prepared by treating d-tetrahydro-P-naphthylamine d-bromocamphorsulphonate of [a], + 86.5'
with a slight excess of soda solution, extracting with ether, drying the ethereal solution with potash, and distilling the base under about 15 mm. pressure. It is a colourless oil which is very viscous and does not fume i n the air. One preparation had the rotatory power uD +30*5' in a 100 mm. tube at 16', whilst another had the value uD +37*24' in a 100 mm. tube a t 15' . The difference between the rotatory powers of these two preparatioris indicates that racemisation had taken place to a certain extent. d-Tetrahydro-P-naph thylamine carbonate was precipitated from a n ethereal solution of the base obtained by treating the d-bromocamphorsulphonate of [a], + 86.5' with a little more than the equivalent proportion of soda, On heating this carbonate with 1 molecular proportion of benzaldehyde on the water-bath, reaction occurs readily with formation of the benzylidene derivative of the base. On crystallisation from spirit, the product is found to consist of two substances; the less soluble constituent is present in the larger quantity and is the racemic benzylidenetetrahydro-P-naphthylamine prepared from the inactive base by Bamberger and Kitschelt (Ber., 1890, 23, 876). It crystallises readily in anorthic plates of rhomboidal habit and melts a t 51-52'; its identity was established by comparison with t h e benzylidene derivat.ive prepared from inactive tetrahydro-pnaphthylamine carbonate as described by Barnberger and Kitschelt.
It is accompanied by 5 or 10 per cent. of a dextrorotatory isomeride which separates from the mother liquors in spherical aggregates of colourless needles and may be obtained in a n apparently pure state by mechanical separation during fractional crystallisation from alcohol.
G 2
The purest sample which we succeeded i n obtaining melted at 58-60' ; it was analysed with the following results : and soda by the Schotten-Baumann method, benzoylation readily occurs with separation of an oil which immediately solidifies. The product, after preliminary puri6cation in the usual way, is found to be very slightly optically active in alcoholic solution, the specific rotatory power of different preparations varying from 1' to 3'; it consists almost entirely of the inactive benzoyltetrahydro-P-naphthylamine prepared by Bamberger and Miiller (Bey., 1888, 21, 850) , and contains but a small proportion of the dextrorotatory benzoyl derivative. A product containing more of the latter compound is obtained by adding benzoyl chloride to a n ethereal solution of the base cooled to 0' ; after extracting the ethereal solution with water, the tetrahydro-P-naphthylamine hydrochloride recovered from the aqueous solution was found to be still highly dextrorotatory, so t h a t the base unacted upon by the benzoyl chloride does not undergo extensive racemisation. After evaporating the ethereal solution to dryness and fractionally crystallising t h e residue from dilute acetone, a considerable proportion of it is found to consist of the racemic benzoyl derivative melting a t 150-1!51', whilst some 5 per cent. or so consists of benzoyl-d-tetrahydro-/3-naphthylamine. The latter is much more readily soluble than its racemic isomeride, and is ultimately obtained from the acetone solution in felted needles of a woolly appearance; the purest sample obtained melted at 155-157c, and was analysed with the following results : View Article Online
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A cetykd-ac-tetrahydvo-P-naphth ykcmine, CI,Hll*NH* CO-CH,.
On adding one-half a molecular proportion of acetyl chloride dissolved in benzene a t 0' to a benzene solution of d-tetrahydro-P-naphthylamine prepared from the d-bromocamphorsulphonate of [a], + 86*5O, a mixture of the racemic tetrahydro-P-acetonaphthalide melting a t 107-108°, which was prepared by Bamberger and Muller (Bey., 1888, 21, 850), with Some 5 per cent. of its dextrorotatory isorneride is obtained. The latter is much more soluble than the racemic compound, and may be separated by continued fractional crystallisation from benzene. It crystallises from the latter solvent in long, colourless needles melting a t 104-106°, and on rubbing the crystals with a glass rod they exhibit vivid triboluminescence resembling that of orthobenzoicsulphinide (Pope, Trans., 1895,67, 98.5) ; this property is lost when the crystals are kept and the racemic compound does not show it a t all. The purest sample of the active compound obtained was analysed with the following results : 
The Optical Invevsion of Amino-compounds.
Although the present investigation was undertaken with a view t o further extending the methods available for resolving externally compensated bases, it has led to the observation of a previously unrecorded property which may be exhibited by certain optically active substances, that, namely, of a partial optical inversion attending the liberation of a base from its salts by means of alkali; it has further been found that on preparing the benzylidene, benzoyl, and acetyl derivatives from a n active base racemisation may occur, and t o a much greater extent than on simply liberating the base from its salts. Two cases of the latter kind are already known : Emil Fischer has shown (Bey., 1900,33, 2370) that partial racemisation occurs on benzoylnting leucine, CHMe,*CH,*CH(NH,)-CO,H, in presence of soda and also on hydrolysing optically active benzoylleucine ; Fischer has also shown, (Ber., 1899, 32, 2466) that considerable inversion takes place on benzoylating optically active glutaminic acid, CO,H C H , CH,* CH (NH,) C0,H.
Tetrahydro-P-naphthylamine is more liable to undergo inversion than View Article Online either leucine or glutaminic acid, because racemisation attends the liberation of the former base from its salts, whilst this is not observed with the other two substances.
Fischer's observations, together with our own, allow of some conclusions respecting a branch of knowledge in which stereochemical methods will doubtless ultimately prove of the greatest importance, that, namely, which concerns the mechanism of chemical change. The
R'
H three bases just mentioned all contain the group R,,>C<NK, ; further, salt decomposition and the formation and hydrolysis of acidic derivatives are operations involving the conversion of triad into pentad nitrogen and vice versd. The probable cause of the optical inversion is as follows : The salts of tetrahydro-P-naphthylamine contnin pentad nitrogen, and consequently also the group Rt>c<NH,x ; when treated with soda, they decompose, with separation of HX, in two ways, The two atomic groups, H and X, may both come from the nitrogen atom, so as to lead to the immediate formation of the stable base, 01-X may come from the nitrogen and H from the asymmetric carbon atom, leading to the momentary liberation of the transition product, Rt,>C:NH,, which immediately becomes converted into the stable base by isomeric change. That part of the material which passes through this intermediate stage is necessarily obtained as an externally compensated end-product. This explanation of the partial optical inversion of the base itself is directly applicable, mutatis mutandis, to the formation of the much more nearly compensated acidic and benzylidene tetrahydro-/3-naphthylamines. A view similar to this has been advanced by Armstrong (Trans., 1900 , 77, 1049 to explain the conversion of phenylacetylchloramine into p-chloracetanilide and the optical inversion of glutaminic acid.
Further, the environment of the asymmetric carbon atom is certainly tetrahedral, whilst that of the pentad nitrogen atom is probably either that of a pyramid upon a square base or of a double pyramid upon a triangular base, the group X occupying the apex of a pyramid ; it would follow that, in the molecule, the distance between H and X attached to the nitrogen atom is of the same order of magnitude as one of the distances between X on the nitrogen atom and the three groups H, R' and R , attached to the carbon atom. I n the case when H and X attached to carbon and nitrogen respectively are at a distance similar to that separating H and X attached to nitrogen alone, the acid HX would be expected to leave the molecule in both of the two ways indicated above. This case apparently fits that of tetrahydro-/3-naphthylamine, leucine, and glutaminic acid ;
R' H
R'
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